It is in the early phases of product development that most of a product's life-cycle sustainability impact is determined. This study presents a workshop method that has the purpose to support multi-disciplinary teams in sustainable product development, focusing on early phases. The workshop method aims to map the sustainability challenges and opportunities of a concept at an overarching level, utilizing backcasting from sustainability principles in three steps: create vision, assess current state, derive strategies. Testing and validation was done at two companies and with one academic group.
Introduction
A growing number of business leaders has started to acknowledge the implications of the inevitable transition of society towards a sustainable state in terms of both business opportunities and threats (Willard, 2012) . Empirical studies indicate a positive effect of sustainable product innovation on overall company performance (Chen et al., 2006; Küçükoğlu and Pınar, 2015) . The main company driving forces for investing in building capabilities for sustainable product innovation are increased competitiveness, legal requirements, brand and reputation, and employee motivation (Bansal and Roth, 2000; Dangelico and Pujari, 2010) . Numerous tools and mechanisms exist that aim to facilitate companies' transition towards developing more sustainable products, including, for example, ISO standards, assessment tools, and eco-labelling. Still, companies are struggling with translating strategic commitment into operational action (Høgevold et al., 2014) . Some of the main reasons are difficulties in how to make sustainability assessments in an efficient way and that companies lack a shared understanding of what sustainability means in the first place (Schulte and Hallstedt, 2017) . It is in the early phases of product development, where many sustainability related decisions are taken (Gaziulusoy et al., 2013) . Thus, once a design concept is selected, most of the relevant sustainability attributes are fixed (Ny et al., 2008) . However, despite increased sustainability knowledge and awareness, companies are facing difficulties when determining the goals and scope that effectively guide towards more sustainable products, due to the immaturity and complexity of sustainability integration in product development (Alblas et al., 2014) . A common and practical tool to utilize different stakeholders' expertise and knowledge in product development is innovation workshops. They are interactive meetings that follow a practical framework and structured approach for generating and discussing sustainable solutions to generate new concepts, or to make incremental changes for existing concepts (Hoffmann, 2007; Arnold, 2010) . Workshop approaches are therefore suitable for sustainable innovation in early product development, because they can bring together multi-disciplinary teams that can work with both sustainability assessment and idea generation.
Aim and purpose
The purpose of this study is to provide product development and manufacturing companies with a workshop method that supports multi-disciplinary teams in sustainable product development (SPD) in early phases. To this end, the following research questions (RQs) 
Outline
In the following Section 2, the context and some main tools and concepts within the area of sustainable product development are described. After that, the research approach is presented in Section 3. This is followed by Section 4 containing the results and discussion of the study, starting with the mapping of existing scientific publications guided by RQ1, also including the identification of characteristics and challenges of existing methods. The second part of the results provides a description of the development and testing of the novel SPD workshop method, as well as an overview of its main steps, in line with RQ2. Finally, Section 5 concludes by reflecting on the value and contribution of the new SPD workshop method in the light of previous work within the area.
Background
Several approaches and tools have been developed to assist in more sustainable product generation. For example, several eco-design tools in forms of matrices, guidelines, and checklists, such as ABCAnalysis, the MECO Method, LiDS-Wheel, and Strategy List (e.g. Byggeth and Hochschorner, 2006; Poulikidou, 2016) , as well as Life Cycle Assessment (LCA) (ISO, 2006) . Recent studies have also concluded that despite the existence of decision support methods and tools for sustainability consideration in product development, the implementation of these support tools is low (Zetterlund et al., 2016; Schulte and Hallstedt, 2017) . Furthermore, many support tools are limited to taking one or two dimensions of sustainability into account, rather than including a full sustainability perspective, covering ecological, social, and economic aspects. Applied research in operational tools and methods that support SPD, (i.e. a strategic sustainability perspective is integrated and implemented into the early phases of the product innovation process, including life cycle thinking) aims to strengthen businesses to overcome this challenge, in addition to increasing the companies' competitiveness. Several generic support tools have been developed for SPD, summarized in e.g. Salari and Bhuiyan (2016) , and Buchert et al. (2014) , which aim to support development teams in integrating sustainability in the early development stages and to give guidance in decision making. However, some challenges are pointed out for these methods: combination and integration within the product development process; inclusion of a whole life cycle perspective; only a few are validated in companies; and, not based on a clear definition of what the sustainability dimensions mean. Furthermore, few support tools include a long-term time perspective, which makes it harder to take actions today for issues that might occur in the future, while the solution is still operational (Hallstedt et al., 2013b) . The framework for strategic sustainable development (FSSD) is building a base for some approaches in the area of SPD. The FSSD has been developed, peer-reviewed, used, tested and refined for over 20 years (Broman and Robèrt, 2017) with many applications by different researchers (Ny et al., 2008; Schöggl et al., 2017) . The framework is based on backcasting, which means imagining success in the future and then looking back at the current situation through the lens of that success definition, and to explore ways to reach that success (Dreborg, 1996; Vergragt and Quist, 2011) . The FSSD utilizes firstorder principles, which describe the root mechanisms for unsustainability, to derive a vision that can be used as success definition. The sustainability principles (SPs) state that "organizations who want to move into a sustainable society should not contribute to systematically increasing: … (SP1) concentrations of substances extracted from the Earth´s crust, (SP2) …concentrations of substances produced by society, (SP3) ... degradation by physical means, and, in that society (SP4) people are not subject to conditions that systematically undermine their capacity to meet their needs." The social sustainability principle has been recently developed into five distinct principles (SP4-SP8): "people are not subject to structural obstacles to: health; influence; competence; impartiality; and, meaning-making (Missimer, 2015) . Many of the previously introduced methods are either too broad to help in any concrete decision making, demand resources beyond the organization's capabilities, do not include a full socio-ecological sustainability perspective, or require very detailed data that is not available in early product development phases. Accordingly, there is a need for an easy-to-use method to incorporate sustainability aspects during the very early phases of the product development process. Therefore, this study presents an approach, which combines the concept and elements of the FSSD with a multidisciplinary workshop setup.
Method
A literature review was conducted prior to the development of the workshop method to map existing research that addresses support tools for sustainability integration in the early phases of product development, focusing on workshop approaches. The review included journal and conference articles published between 2005 and February 2017. The following four databases were selected: Web of Science (reference database), Scopus (reference database), Emerald (article database), and the Design Society database (article database). Topic search (title, abstract, and author key words) was conducted in all four databases, using a search string with the following key words and applicable synonyms: sustainability, eco-design, workshop, support tool, product innovation, early design, life-cycle, guided questions, backcasting, and roadmap. In line with the purpose of this article, the review was restricted to papers that explicitly utilize a workshop or guided questions approach as tools to integrate sustainability in the early product development phases. The resulting papers were examined for adequacy and relevance for the article´s purpose. Article selection and analysis were guided by Blessing and Chakrabarti (2009) and Karlsson et al. (2009) : the selection process started by reading the titles of about 1400 papers in the selected databases. Dependent on the degree of relevance, abstract and key words were read. At this stage, around 140 papers were explored further by reading their introduction and conclusions. Based on an assessment of the articles' relevance, the following 12 papers were identified for full review, also including the applied method, purpose and results: Arnold, 2017; Byggeth et al., 2007; Gaziulusoy et al., 2013; Hallstedt, 2009; Hallstedt, et al., 2013a; Hallstedt et al., 2015a; Hoffmann, 2007; Leroy et al., 2015; Lloveras, 2013; Mestre and Vogtlander, 2013; Saidani et al., 2016; Schöggl et al., 2017 . Conventional qualitative content analysis (Hsieh and Shannon, 2005) was deployed and key attributes of each source were documented. Based on findings from the literature review, complemented with experiences and advise from sustainability experts and academics working closely with industry, a sustainable product development workshop method was proposed. Its main purpose is to identify sustainability challenges and opportunities of a concept at an overarching level. Thereby, it would assist product development teams in achieving a fast and easy overview of the sustainability implications of a concept, early in the development process. The workshop approach is based on backcasting from the sustainability principles of the FSSD. The detailed workshop method is explained in Section 4.2. The method was validated and tested at two large multinational product development and manufacturing case companies, located in Sweden. Company A is a manufacturer of jet engine components in the aerospace industry, while Company B is developing and manufacturing construction machines, see Table 1 . The testing at the companies focused on evaluating the practical applicability of the workshop method in industry. In addition, the workshop was carried out with an international academic group, mostly from members of the Sustainable Design Special Interest Group within the Design Society, at the 14th International Design Conference in 2016. Hoffmann (2007) introduced the INNOCOPE approach, constituting of three workshops at different phases of the product development process. It includes participants from both company employees and consumers, with a three months' period between each of the workshops. The first workshop includes product introduction and idea generation, the second workshop addresses idea evaluation and selection, and the third workshop is dedicated for prototype assessment and marketing ideas. From a sustainability perspective, the approach focuses mainly on climate change and consumers' prior knowledge of the subject. The results of the study showed that even though the INNOCOPE process contained climate change measures as a theme, climate impact was not a criterion that participants took into consideration when generating ideas. Hallstedt et al. (2013b) presented an approach for assessing the sustainability of material handling through a workshop with employees at an aerospace company in addition to a value chain partner. Based on the workshop, a modelling and simulation approach to assess sustainability and value consequences was proposed. In a similar approach, Sustainability Assessment and Value Evaluation method (SAVE), qualitative sustainability assessment techniques including sustainability guided questions are combined with quantitative Net Present Value (NPV) analysis. The method allocates sustainability hotspots and clarifies potential sustainability consequences of a new concept (Hallstedt et al., 2015b) . The SAVE method can support a design team to build NPV scenarios based on possible changes for some identified sustainability parameters. In a workshop session, the design team estimates the likeliness for the changes to happen, which can support a decision in the early stages of product development. Gaziulusoy et al. (2013) presented a scenario method with a workshop as an operational tool, with the aim of helping product development teams to incorporate sustainability issues into their decision making. The workshop consists out of two separate full days, one week apart from each other. In this method, backcasting from scenarios is utilized. However, it can be challenging for a large group to agree on a desired future scenario (Broman and Robèrt, 2017) . In the same year, Lloveras (2013) proposed an approach to analyse some environmental sustainability aspects, mainly the consumption of energy and/or water, in the conceptual product design phase. The approach includes a guide of five questions for the design team, focusing on more environmental-friendly consumption alternatives. Leroy et al. (2015) created two methods, Combineval and Geneval, which were tested in a one day session including groups of experts from academia and industry, to turn elementary ideas into environmental-friendly concepts. Some proposed workshops require facilitation through a sustainability or eco-design expert, such as the work presented by Saidani et al. (2016) . In the study, an eco-innovation workshop is proposed, which includes stakeholder identification and an environmental assessment, i.e. LCA. This workshop results in defining environmental targets. Schöggl et al. (2017) developed a checklist for sustainable product development in early phases that includes 49 questions covering a full life cycle perspective, linked to the sustainability principles introduced earlier. However, a sustainability expert is needed to guide the use of the checklist and to achieve the best results. Byggeth et al. (2007) presented a Method for Sustainable Product Development (MSPD), which integrates socio-ecological aspects of sustainability in product development. The method utilizes backcasting from sustainability principles. Furthermore, it includes a set of guiding questions derived from those principles and the product life cycle. Based on MSPD application, product developers showed a desire to have a sustainability expert to offer a quick overview of the relevant product sustainability aspects. Therefore, the Template for Sustainable Product Development (TSPD) was introduced, based on some generic key questions, with a sustainability expert facilitating the application of the tool (Ny et al., 2008) . Based on this literature review, a number of challenges for the current workshop approaches to integrate a sustainability perspective in the early phases of product development was identified. Existing methods (i) demand an expert to guide the design team through the different steps; (ii) are dependent on the development and implementation of simulation models to derive scenarios; (iii) are time demanding, i.e. many hours or days are needed to complete the workshop and get a result; (iv) need detailed data that usually is not available in the early stages; or, (v) do not cover all dimensions of sustainability, i.e. the economic, social and ecological dimensions. The development of the new SPD workshop was guided by the aim to overcome these challenges.
Sustainable product development workshop method
To overcome the challenge of developing and agreeing on scenarios, and to include a full sustainability perspective, the SPD workshop approach is based on backcasting from sustainability principles, in line with the FSSD, as presented in the introduction section. This is combined with a product life cycle perspective from raw material acquisition and production; manufacturing (including re-manufacturing); packaging and distribution; usage and maintenance (including re-use); upgrading (recycling), to end of life.
The backcasting approach is illustrated in Figure 1 . The workshop process consists out of three steps, based on the ABCD-method of the FSSD (Broman and Robèrt, 2017) : first, a vision of a sustainable product is created. Second, the current situation and its implications from a sustainability perspective are assessed. In the last step, ideas and strategies are derived for how the gap between the vision and the current state can be bridged. Guiding questions were provided for the "to be" session and templates with guiding examples of typical sustainability aspects for each life cycle phase were used by the participants for the "as is" session, see Appendix.
Figure 1. Illustration of the SPD workshop methodology
The workshop was tested at the two case companies from the construction vehicles and aerospace industries. Considering the complexity of many products, their value chains, and sustainability impacts, the group of workshop participants should ideally be cross functional and include roles like product developers, purchasers, after market staff, product planners, environmental engineers, etc. No prior expertise on sustainability is required, but the results benefit from the team's knowledge and understanding of the product system and the life-cycle. The number of participants varied between the two cases. In the aerospace company, 10 employees from the research and development, production, and procurement departments participated in the workshop. In the construction vehicles manufacturer company, 5 employees took part in the workshop, mainly from product development and environment teams. The purpose in the vehicles case company was to identify sustainability challenges of a construction machine product, and then to identify improvement possibilities throughout the product life cycle. The workshop with the aerospace case company aimed at allocating sustainability challenges and gaps relevant to a turbine exhaust structure, and how the product life cycle could be improved. The workshops took approximately two and half hours in total, starting with 30 minutes introduction, followed by three consecutive sessions (see below), where each session requires 30 minutes, and a 15-20 minutes concluding discussion. Dependent on the complexity of the investigated product and the size of the group, the workshop steps could be prolonged. However, the purpose of the method is not to provide exhaustive and highly detailed results, but rather to give a quick overview of hots-pots in the early design phases.
To-be session
In the first session, participants are divided into groups of 3-5, who start with imagining success in the future, defined by a vision of a sustainable product in a sustainable future society. In this step, the participants describe their vision of a desired and ideal future product design, "To be", without restrictions, and write down their ideas in a 10 minute' time frame. This session is guided by prepared questions that were derived from the SPs and the product lifecycle, thereby combining a full sustainability perspective and life cycle thinking. Previous research showed how guiding questions can help participants in their idea generation, without limiting them, like for example checklists (Byggeth et al., 2007; Ny et al., 2008) . Next, the groups are asked to discuss and describe a sustainable product, and to answer the questions in a paragraph form within 15 minutes. The final 5 minutes are utilized for the groups to briefly read and present the ideas to each other. The five questions to guide the groups in this session are presented in Table 2 below, in addition to examples of answers extracted from the conducted workshop with case Company B, addressing the design of a wheel loader. 
As-is session
In the "As is" session, which takes about 45 minutes, the participants are again divided into new groups. Depending on the number of participants and the group size, each group is assigned two or three life cycle phases. People who work within procurement, materials, and production should participate in the raw materials and production phases group, while people with more knowledge about the use and end of life phases should join the respective group. In this session, backcasting from the future vision to the present is applied, mainly by investigating what the organization is doing today to achieve the vision. Consequently, the "As is" situation is reached, where problems are defined, along with challenges, knowledge level, and needs. Participants are asked to start by giving examples of the various product sustainability implications of the current product that they know about, spending about 10 to 20 minutes. Afterwards, the present situation description is guided by defined questions over the product life cycle for another 10 to 20 minutes, covering the three environmental sustainability principles (SP 1, 2, and 3), and social aspects (SPs 4 to 8). In addition, the economic dimension is assessed, based on a maturity model developed by Baumgartner and Ebner (2010) . Finally, each group presents their results, in total about 10 minutes. Examples of the used guiding questions in this session are shown in Table 3 , together with a sample of answers from the vehicles manufacturer workshop. 
Strategies session
The purpose of the "Strategies" session is to generate ideas for how to move from the "As is" situation to the "To be" vision. While the "To be" step focuses on the requirements and characteristics of a sustainable product without constraints, the "Strategies" session is about finding concrete solutions and paths that lead towards the desired "To be" state, considering preconditions, challenges and opportunities that were identified in the "As is" step. In case some "To be" elements identified by the participants turn out to be strategies as well, it is easy for the team to pick up those elements in the "Strategies" session again, now being able to relate it to the "As is" situation. For 30 minutes, the same groups as from the second session generate ideas and suggestions to achieve the vision of reaching more sustainable solutions. No templates or guiding questions are provided for this step, in order to leave room for the participants' own experience and creativity. Also, the applications of the SPD workshop showed that participants get many solution ideas in the course of the first two steps, making it easy for them to get started on the "Strategies" session without further guidance. Some of the suggested actions by participants in the workshops were:  Bring in sustainability competences early in the concept and design phase. 
Evaluation of the SPD workshop method
A third workshop was conducted at the Design Conference in 2016, as an academic review to evaluate the approach. It included 35 participants, all researchers within the product design community. Participants were divided into 4 groups working in parallel on a jeans product, to analyse the relevant sustainability potentials and challenges. The feedback following the workshop highlighted some aspects that are important for a fruitful outcome. Participants emphasized the importance of having more stakeholder interaction, e.g. other companies in the value chain, legislators, customers etc. Stakeholders need to have different backgrounds, to better reveal the environmental, social and economic aspects, stressing the importance of involving a multidisciplinary team with different areas of expertise. The participants found the conducted workshop to be a quick and an efficient way to make a sustainability assessment. Even though the workshops were facilitated by sustainability researchers in the test cases, the presence of a sustainability expert is not a necessary requirement. Instead, a company's own environmental manager or written instructions could likely replace the introduction and expert facilitation of the workshop. This adds to the simplicity and ability of the method to be used by different companies. Furthermore, guiding questions in addition to the provided examples for each life cycle phase, were perceived as user friendly and easy to understand by the participants. However, to simplify the communication of results between product development teams and other levels of the company, such as management, several suggestions have been provided, e.g. to use more graphical illustrations of the results, and to use different charts and methods to collect suggested ideas. This is important to make sure that the results of the workshop actually will be applied and make a difference in practice. Potential limitations of the SPD workshop method are that the quality of results is dependent on the level of knowledge of the participants, both in relation to sustainability and to the life cycle and value chain of the product. Gathering a multi-disciplinary team with complementary areas of expertise is therefore a key success factor. Also, with this method, it can be difficult to compare products or concepts that are rather similar, as it only provides a qualitative assessment. However, this is not the main purpose, as the SPD workshop rather focuses on creating a quick overview of sustainability hot-spots at an overarching level. It could then be complemented through, for example, traditional LCA to make a more detailed, quantitative assessment of the hot-spots, similar to the method presented by Ny et al. (2006) . Further development for the assessment approach is needed. In this work, economic aspects were covered based on a model by Baumgartner and Ebner (2010) . Possible future work could consider whether the Future Fit Business Benchmark (Future-Fit Foundation, 2017) could be used to provide a more detailed and sustainability related base for analysis. Also, it would be important to investigate ways for how to integrate the SPD workshop with existing company processes and tools.
Conclusions
The main purpose of this paper was to develop a workshop method that can support design teams in integrating a sustainability perspective in the early phases of product development. To this end, existing scientific publications in the field were reviewed. Based on identified challenges with existing methods, key elements of the framework for strategic sustainable development, i.e. backcasting from first-order sustainability principles, were combined with a product life-cycle perspective. In this way, a novel SPD workshop method was derived and tested in two large product development and manufacturing companies, and in a group of academic experts. The main advantages of the new approach are that it (i) is easy to use and not dependent on the presence of a sustainability expert; (ii) includes a full life cycle perspective to avoid sub-optimisation; (iii) proofed to be applicable in the early phases of product development, where information is rough and incomplete; (iv) considers also social sustainability issues, which otherwise has been a less developed area within design for sustainability; (v) provides an efficient and quick way to map the main sustainability hot-spots of a product or concept; (vi) is strategic through the application of backcasting from sustainability principles, which has been shown to be an efficient way to find smart stepping stones and out of the box solutions (Broman and Robèrt, 2017) . The workshop results provide design teams with a clear overview of sustainability opportunities and challenges associated with a product or concept at an overarching level. Both at the case companies and in the academic group, the application of the method did not only result in product related improvement ideas, but also organizational changes and specific process improvements, some of which are prerequisites for making changes in the product. Several participants at the companies also pointed out the value of the workshop method for the soft side of sustainable design, through raising awareness, creating a sense of ownership, and triggering discussions around sustainability in a product design context. The main contribution of the suggested workshop method is providing a tool that could be used by multidisciplinary teams to explore different sustainable solutions, through utilizing sustainability innovation thinking on an overall level. This workshop method is part of a model based support (MBE) toolbox (Jaghbeer et al., 2017) , which includes several support tools and methods to be used in the different stages of sustainable product development. For sufficient guidance and more detailed assessment, it is advised to use the other support tools in combination to this workshop. Future work intends to develop the SPD workshop method further, and to combine it with other sustainability innovation workshops. The economic sustainability assessment also needs clarification and deserves further attention.
